Introduction
Skin ulceration is a common disease sign affecting fish of different species both in freshwater and marine environments. The development of skin ulceration's has been associated with parasites (Sindermann and Rosenfield, 1954) , viruses, bacteria, and fungi. A virological aetiology has been suggested for the ulcus syndrome in cod (Jensen and Larsen, 1982) and for ulceration's in several freshwater fish species in southeast Asia (Frerichs et al., 1986) . Different bacterial species such as Vibrio anguillarum, Aeromonas hydrophila (e.g. Ullrich, 1992) , atypical Aeromonas salmonicida (for a review see Wiklund and Dalsgaard, 1998) , and Mycobacteria (Duijn, 1981) have been isolated from ulcerated fish. Recently an Aphanomyces fungus was reported to be associated with ulceration's in different fish species from the Philippines and Australia (Callinan et al., 1995) .
Although the aetiology of skin ulcers is apparently complex and may involve different taxonomic groups, bacteriological infections appear to be most commonly associated with ulcers and atypical A. salmonicida appears to be a significant contributor. However, the taxonomy of this species is uncertain. Large variations in biochemical characteristics have been observed and many of the newly described strains not classified as A. salmonicida subsp. salmonicida are for convenience included in a non-taxonomic group called ''atypical'' strains. In a recent study using detailed biochemical, genetical, and molecular analysis, Austin et al. (1998) were not able to arrange examined atypical strains into taxonomic well-defined groups, and the taxonomic problem remains unresolved.
The BMB/ICES Sea-going Workshop ''Fish Diseases and Parasites in the Baltic Sea'', 25 November to 8 December 1994 (cf. Lang and Mellergaard, 1999) , provided an excellent opportunity to sample ulcerated fish of a variety of species over a large area for bacteriological examination. Here, we present a comprehensive biochemical description of the bacterial strains isolated with particular emphasis on ulcerated flounder from open sea areas.
Material and methods
Information about fish sampling and sampling sites is given in Lang and Mellergaard (1999) . Fish with skin ulceration's were selected from the catches and examined bacteriologically ( Wiklund and Bylund, 1993) . Only three ulcers (dab, four-bearded rockling) were in the initial stage of development consisting of a white lesion surrounded by a red margin of haemorrhagic inflammatory tissue. Most fish examined (51; cod, dab, flounders, turbots, viviparous blenny) showed signs of acute ulceration: red, round and superficial ulcers with white margins of necrotic tissue surrounded by red, haemorrhagic zones in the skin. The remaining eight ulcers (dab, flounder) were in an early stage of healing.
Tissue samples were taken from ulcers, liver, kidney, and spleen and inoculated onto blood agar (Difco tryptic soy agar supplemented with 5% horse blood)
plates within 1 h after catching. Ulcers were first cleaned with a sterile cotton swab before tissue samples were collected from the edge of the ulcer with a sterile plastic loop. The inoculated agar plates were incubated at room temperature (20 C) for 10 d.
Slow growing, pin-point colonies or other dominant colony types were sub-cultivated for further biochemical and serological characterization using biochemical methods previously described by Wiklund et al. (1994) . Acid production from sucrose, mannitol, and salicine was tested in tubes with phenol red broth base (Difco) supplemented with a 1% suspension of each carbohydrate, respectively. In addition, the commercial miniaturized API 50 CHE (Bio-Mérieux, France) was used to detect the fermentation of 48 carbohydrates of all strains isolated from dabs, turbots, and viviparous blenny and four strains isolated from flounders. Slide agglutination tests were performed using rabbit serum containing antibodies against lipopolysaccharides from a Finnish isolate of A. salmonicida subsp. salmonicida (strain 3-1). All tests were performed at 20 C. The inoculated test media were incubated for 14 d, and the results were recorded daily.
Results
The results of the bacterial isolations are given in Table  1 . Bacterial growth was not observed on the agar plates inoculated from the visceral organs of any of the ulcerated fish except for the viviparous blenny, from which fast growing, brown pigment producing colonies in pure culture were obtained from liver, spleen, and kidney. These colonies were similar to the ones obtained from the ulcer of this specimen.
Slow growing, pinpoint, cream coloured colonies were isolated from the ulcer in initial stage of development of one dab, from 30 out of 48 acute ulceration's examined of dab, flounder, and turbot, and from one ulcer in a healing stage in flounder. Table 1 . Number of fish from which atypical Aeromonas salmonicida (AAS) and other types of colonies (mixture of different types) were isolated from ulcers and viscera by species and development stage of the ulcer. Sampling areas from which fish examined were originating are indicated (cf. Lang and Mellergaard, 1999 
Gadus morhua
Several different colony types occurred on the agar plates inoculated from the ulcers in initial stage of development in four-bearded rockling, the acute ulcers in cod as well as 19 flounders and turbot, and the healing ulcers of one dab and six flounders.
The results of the biochemical and serological tests are shown in Table 2 . The strains isolated from flounder and turbot were very fastidious and slow growing, whereas those isolated from the viviparous blenny were fast growing, colonies appearing after 2 d incubation. All the examined strains isolated from dab, flounder, turbot, and viviparous blenny were identified as atypical A. salmonicida on the basis of the biochemical tests and positive slide agglutination reactions with the rabbit antiserum against A. salmonicida. The bacteria were Gram-negative, non-motile, oxidase-negative or positive, catalase-positive, and fermentative short rods. Only the bacterial strains isolated from the viviparous blenny produced brown, water-soluble pigment. The strains isolated from flounder and turbot were cytochromeoxidase negative. The strains from dab and flounder were sensitive to ampicillin and cephalothin; the strains from turbot were resistant to cephalothin, whereas the strains isolated from viviparous blenny were resistant to both ampicillin and cephalothin.
The strains isolated from turbot were comparatively non-reactive in the API 50 tests and they fermented only three carbohydrates (glucose, fructose, and 5 ketogluconate) out of 48 tested. The two strains isolated from the viviparous blenny were the most reactive, fermenting 14 carbohydrates out of 48 tested (Table 2) . On the basis of the biochemical reactions, the bacterial strains isolated from different fish species could be grouped into separate biotypes.
Atypical A. salmonicida was isolated from ulcerated flounder from most sampling areas (3-9, 11; Table 1 ) examined (for location see Lang and Mellergaard, 1999) .
Discussion
Although the strains isolated from dab, flounder, turbot, and viviparous blenny showed a large variability in biochemical characteristics, they all belong to the species A. salmonicida based on agglutination reaction, Gram staining, motility, cell morphology, and fermentation pattern. All strains differed in various characteristics from the three subspecies described by Popoff (1984) and from subspecies smithia proposed by Austin et al. (1989) , and therefore none can be included into any of these recognized subspecies. For the time being they must be considered to belong to the atypical group.
The isolation of fastidious, atypical A. salmonicida from ulcerated dab and flounder is in accordance with previous investigations on these fish species from restricted coastal areas (Wiklund, 1994; Wiklund and Dalsgaard, 1995) , and indicates that this bacteriological infection is wide spread over the Baltic. Cytochromeoxidase negative strains isolated from ulcerated flounder were indistinguishable from atypical strains reported earlier Dalsgaard, 1995) . The present results support previous suggestions (Wiklund, 1994) that the development of skin ulceration's in flounder is strongly associated with only one, well-defined biotype of atypical A. salmonicida, even though these bacteria cannot be isolated consistently from all ulcerated specimens (see also Wiklund and Dalsgaard, 1998) . In particular, the results indicate that the bacteria can only infrequently be recovered from ulcers in a healing stage, suggesting that the bacterial infection is not lethal and that ulcerated flounders may recover.
For the first time, atypical A. salmonicida has been isolated from ulcerated dab from the Baltic Sea. The strains differed in the arginine dihydrolase reaction and the production of indole from those previously reported for the North Sea (Wiklund and Dalsgaard, 1995) . The bacterium has not been previously isolated from wild turbot, but has been reported for farmed turbot in Norway (Gravningen and Dydland, 1991) and Denmark (Larsen and Pedersen, 1996) .
The isolation of atypical A. salmonicida strains from viviparous blenny from the Baltic Sea is new. Compared to the strains isolated from other fish species, they were fast growing, resistant to ampicillin, and produced brown pigment. Dalsgaard (1994) reported the bacterium from the same species from Limfjorden (Denmark), but the biochemical characteristics were not described.
The wide spread of atypical A. salmonicida among ulcerated fish of a variety of species support previous indications (e.g. Wiklund, 1994; Wiklund and Dalsgaard, 1998 ) that these strains are to a very large extent involved in the development of ulceration in fish. Still, possible variations in pathogenicity of individual strains (see Wiklund and Dalsgaard, 1998) need further investigations.
